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for Linearly Precoded Multiuser MIMO Systems
Pei Xiao†, Zihuai Lin †† and Yi Wu†††
Abstract— In this paper, we present a novel Mutual Information (MI)
based spatial frequency domain packet scheduling for downlink Orthogo-
nal Frequency Division Multiple Access (OFDMA) multiuser MIMO sys-
tems. The proposed scheduler is designed to exploit the available multiuser
diversity in time, frequency and spatial domains. The analysis model is
based on the generalized 3GPP LTE downlink transmission for which two
Spatial Division Multiplexing (SDM) multiuser MIMO schemes are investi-
gated: Single User (SU) and Multi-user (MU) MIMO schemes. The results
show that the proposed MU-MIMO scheduler is a more realistic solution
and provides fairness among users for the system under consideration.
I. INTRODUCTION
In 3GPP Long Term Evolution (LTE) (also known as
Evolved-UMTSTerrestrial Radio Access (E-UTRA)), Multiple-
Input Multiple-Output (MIMO) and Orthogonal Frequency Di-
vision Multiple Access (OFDMA) have been selected for down-
link transmission [1]. Both Spatial Division Multiplexing
(SDM) and Frequency Domain Packet Scheduling (FDPS) have
been proposed. SDM simply divides the data stream into multi-
ple independent sub-streams, which are subsequently transmit-
ted by different antennas simultaneously. It is used to improve
the spectral efficiency of the system. FDPS allows the packet
scheduler at the Base Station (BS) to exploit the available mul-
tiuser diversity in both time and frequency domain. In [2], it is
shown that the MIMO schemes with combined SDM and FDPS
can further enhance the system performance.
This paper investigates system performance of the multiuser
SDM MIMO schemes with FDPS for downlink transmission.
The studied model is based on the generalized 3GPP LTE
MIMO-OFDMAbased downlink transmission model with some
idealized assumptions in order to facilitate performance analy-
sis. We call our studied system the “LTE type” system to differ-
entiate it from the real LTE system. Both open loop and closed
loop MIMO is considered as possible solutions in 3GPP LTE.
However, the closed loop solution provides both diversity and
array gains, and hence a superior performance. Open loop and
closed loop MIMO corresponds to the MIMO systems without
and with channel state information at the transmitter, respec-
tively [1]. Due to its simplicity and robust performance, the use
of linear precoding has been widely studied as a closed loop
scheme [2,3]. In this paper, we refer to the open loop MIMO as
the SDMMIMO without precoding, and the closed loop MIMO
as the linearly precoded SDMMIMO.
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Most of the existing work on linear precoding, e.g., in [3]
focuses on the design of the transmitter precoding matrix. In
[4], the interaction between packet scheduling and array antenna
techniques is studied based on a system level simulation model.
The interactions between multiuser diversity and spatial diver-
sity is investigated analytically in [5], with the focus on space
time block coding. In a more recent paper [6], system perfor-
mance for open loop MIMO systems with zero forcing receiver
was analyzed.
Although our study is conducted for the generalized 3GPP
LTE-type downlink packet data transmission [1], the analysis
method is generally applicable to other packet switched systems.
From user capacity point of view, MIMO technique is pre-
ferred due to its capacity enhancement ability. For wideband
wireless transmission systems, e.g., LTE OFDMA downlink and
SC-FDMA uplink [7], several consecutive subcarriers are usu-
ally grouped together for scheduling in order to simply schedul-
ing task. A basic scheduling unit is called a Resource Block
(RB). The scheduler in a Base Station (BS) may assign single or
multiple RBs to a Mobile Station (MS).
Two MIMO schemes for OFDMA downlink transmission are
being investigated under 3GPP LTE, namely, multi-user MIMO
and single user MIMO. For a single user MIMO, the BS only
schedules one single user into one RB. For a multi-user MIMO,
multiple MSs are allowed to transmit simultaneously on a RB.
This paper investigates space frequency domain scheduling for
an OFDMA based downlink in a multi-user MIMO system. The
novelties of this paper are the derivation of the received Sig-
nal to Interference plus Noise Ratio (SINR) and the proposal of
a Mutual Information based scheduling algorithm in space and
frequency domain.
Notations: we use upper bold-face letters to represent ma-
trices and vectors. The (n, k) element of a matrix A is repre-
sented by [A]n,k and the nth element of a vector b is denoted
by [b]n. Superscripts (·)H , (·)T denote the Hermitian transpose
and transpose, respectively, (·)∗ denotes conjugate.
II. SYSTEM MODEL
In this section, we describe the system model of multiuser
SDM MIMO schemes for 3GPP LTE downlink transmission
with packet scheduling. The basic scheduling unit in LTE is
the Physical Resource Block (PRB), which consists of a number
of consecutive OFDM sub-carriers reserved during the trans-
mission of a fixed number of OFDM symbols. One PRB of
12 contiguous subcarriers can be configured for localized trans-
mission in a sub-frame. In the localized FDMA transmission
scheme, each user’s data is transmitted by consecutive subcar-
riers, while for the distributed FDMA transmission scheme, the
user’s data is transmitted by distributed subcarriers [1]. Two
SDM schemes are now under investigation for the localized
transmission scheme [1]: Single User (SU) MIMO and Multi-
User (MU) MIMO schemes. They differ in terms of the free-
dom allowed to the scheduler in the spatial domain [1]. With
SU-MIMO scheme, only one single user can be scheduled per
PRB; whereas with MU-MIMO scheme, multiple users can be
scheduled per PRB, one user for each sub-stream.
The system considered here has nt transmit antennas at the
Base Station (BS) and nir receive antennas at the ith Mobile Sta-
tion (MS), i = 1, 2, · · · ,KT , where KT is the total number of
users in the system. The number of users simultaneously served
on each PRB for the MU-MIMO scheme is usually limited by
the number of transmit antennas nt. The scheduler in BS se-
lects K users per PRB from the KT active users in the cell for
data transmission. Denote by ζι the set of users scheduled on
the ιth PRB, K = |ζι| and nr =
∑
j∈ζι
njr, where nr is the
total number of receive antennas for all the scheduled users. We
assume that the ith user transmits li parallel data streams when
it is scheduled, and we denote the total number of data streams
of allK users by L =
∑K
i=1 li.
There are L data streams for each PRB, each data stream
contains N data symbols. These data streams are first passed
through a precoding matrix B, which will be further explained
later. The outputs, together with the outputs from other PRBs,
are then mapped to M (M >> N) orthogonal subcarriers fol-
lowed by a M point Inverse Fast Fourier Transform (IFFT) to
convert them to a frequency domain complex signal sequence.
A Cyclic Prefix (CP) is inserted into the signal sequence before
it is passed to the Radio Frequency (RF) module. The length
of CP is chosen to be longer than the channel delay spread
to remove Inter-Symbol Interference (ISI) and Inter-Channel
Inference (ICI). On the receiver side, the opposite operating
procedure is performed after the noisy signals are received at
the receiver antennas. A MIMO Frequency Domain Equalizer
(FDE) is applied to the frequency domain signals after subcar-
rier demapping. For simplicity, we employ a linear Minimum
Mean Squared Error (MMSE) equalizer, which provides a good
tradeoff between the noise enhancement and the multiple stream
interference mitigation [8].
With a linear MMSE equalizer, the signal at the detector of
the kth MS, k ∈ ζι, at the nth subcarrier of the PRB is given by
yk,n = [Ak,n (Hk,nBnxn +wk,n)] , (1)
where Hk,n is an n
k
r × nt complex channel matrix, each el-
ement of which represents the complex channel gain between
each pair of transmit-receive antennas. Bn ∈ Cnt×L is the
transmit precodingmatrix for the nth subcarrier. wk,n ∈ Cn
k
r×1
is a circularly symmetric complex Gaussian noise vector with
zero mean and covariance matrix N0I ∈ Rn
k
r×n
k
r , k ∈ ζι, i.e.,
wk,n ∼ CN (0, N0I). xn ∈ CL×1 is the transmitted signal
vector at the nth subcarrier, and xn = [x
T
1,n · · ·x
T
k,n · · ·x
T
K,n]
T ,
where xk,n ∈ C
lk×1 is the transmitted data symbols for the kth
MS, k ∈ ζι.
Let Bn = [B1,n B2,n · · · BK,n], where Bi,n is of size
nt × li, then Eq. (1) becomes
yk,n = Ak,n

Hk,n∑
i6=k
Bi,nxi,n +Hk,nBk,nxk,n +wk,n

 .
(2)
The equalization matrixAk,n ∈ Clk×n
k
r can be derived under
the MMSE criterion (such that E[|xk,n − yk,n|
2] is minimized)
as
Ak,n = B
H
k,nH
H
k,n[Hk,nBnRX,nB
H
nH
H
k,n +RW,nk ]
−1, (3)
where RX,n = E[xnx
H
n ] and RW,nk = E[wk,nw
H
k,n] = N0I.
Eq. (3) holds since E[xk,nx
H
j,n] = 0, ∀j 6= k,
Substituting (3) into (1) and with some simple matrix manip-
ulations, we get
yk,n =
[
(RW,nk +Hk,nBnB
H
nH
H
k,n)
−1Hk,nBk,n
]H
[Hk,nBnxn +wk,n]. (4)
Forcing Hk,nBj,n = 0, ∀j 6= k, j, k ∈ {1, · · · ,K}, yk,n can
be expressed as
yk,n =
[
(RW,nk +Hk,nBnB
H
nH
H
k,n)
−1Hk,nBn
]H
[Hk,nBnxn +wk,n]
=
(
I+BHn (R
−1/2
W,nk
Hk,n)
H(R
−1/2
W,nk
Hk,n)Bn
)−1
BHn (R
−1/2
W,nk
Hk,n)
HR
−1/2
W,nk
(Hk,nBnxn +wk,n) .(5)
The second equality of (5) follows from the fact that
(A − BD−1C)−1BD−1 = A−1B(D − CA−1B)−1. De-
noting by Φk,n = R
−1/2
W,nk
Hk,n and define Ψ˜k,n =
[ΦT1,n · · ·Φ
T
k−1,nΦ
T
k+1,n · · ·Φ
T
K,n]
T . Using the Single Value
Decomposition (SVD) to decompose Ψ˜k,n, we have
Ψ˜k,n =
[
U˜
(1)
k,n U˜
(0)
k,n
] [
Σ˜k,n 0
] [
V˜
(1)
k,n V˜
(0)
k,n
]H
, (6)
where V˜
(0)
k,n contains the nt −
∑
i6=k n
i
r columns of the right
singular vectors of null space Ψ˜k,n which forms an orthogonal
basis of Ψ˜k,n. In the following, we let mk = nt −
∑
i6=k n
i
r,
then V˜
(0)
k,n has dimension of nt ×mk.
To eliminate the multi-user interference, we design the pre-
coding matrix Bn such that Φk,nBj,n = 0, ∀j 6= k, j ∈
{1, · · · ,K}. Let Ψk,n = Φk,nV˜
(0)
k,n. With SVD, we have
Ψk,n = Uk,nΛk,nV
H
k,n, whereUk,n andVk,n are unitary ma-
trices, and the columns of Uk,n and Vk,n are the eigenvectors
of Ψk,nΨ
H
k,n and Ψ
H
k,nΨk,n, respectively. The singular val-
ues λ′nk,i, (i ∈ {1, 2, · · · ,K}), of Ψk,n are the diagonal en-
tries of Λk,n and are arranged in the descending order. Now let
Bk,n = V˜
(0)
k,nVk,n, where Vk,n is the right singular vector of
Ψk,n, the channel can be decomposed into a parallel channel for
different users. Thus, multi-user interference can be completely
removed, i.e.,
yk,n =
(
I+ΛHk,nΛk,n
)−1
ΛHk,nΛk,nxk,n
+
(
I+ΛHk,nΛk,n
)−1
ΛHk,nU
H
k,nR
−1/2
W,nk
wk,n. (7)
Consequently, the ith symbol yk,n(i), i ∈ {1, · · · , lk}, can
be expressed as
yk,n(i) =
λ′nk,i
1 + λ′
nk,i
xk,n(i) +
√
λ′
nk,i
/N0
1 + λ′
nk,i
w′k,n(i), (8)
wherew′k,n(i) is the ith element of the vectorU
H
k,nwk,n. From
the above derivations, we can see that with the proposed precod-
ing matrix and with the designed MMSE equalizer, the MIMO
channel can be decomposed into many parallel channels. The
interference among the antennas and the interference among the
users can be completely removed.
Above we assume the transmitter can have perfect channel
state information. In practice, this is an unrealistic assump-
tion. Modern wireless communication standards, such as IEEE
802.16m (WiMAX), 3GPP Long Term Evolution (LTE), 3GPP
LTE-Advanced, adopt the codebook based precoding scheme
with limited channel state information (CSI) for MIMO scenar-
ios. In such cases, NodeB and UEs have some predefined com-
mon codebooks and each element of the codebook can be in-
dexed by Precoding Matrix Index (PMI). If scheduled for trans-
mission, the user will be precoded using the corresponding pre-
coding matrix. Together with channel quality indication (CQI),
the selected PMI is fed back to assist NodeB’s scheduling, re-
source allocation and rate adaptation decisions for both open-
loop and closed-loop Multi-user (MU)-MIMO.
The system needs to prepare a total ofQ = 2q precoding ma-
trices for a q-bits feedback channel. Based on the current chan-
nel realization, the receiver will decide which precoding matrix
from the codebook is the most favorable and inform the trans-
mitter to switch to that precoding matrix by feeding back its
q-bit PMI. The codebook consists of a finite number of matri-
ces, which represent a set of subspaces in the Grassmann mani-
fold. Designing sets of Q matrices that maximize the minimum
subspace distance is known as Grassminnian subspace pack-
ing [11]. In this work we consider the use of the non-coherent
constellation designs introduced in [12]. It has been shown to
yield codebookswith largeminimumdistances and can be easily
modified to work with any distance function on the Grassmann
manifold.
III. SPATIAL FREQUENCY MULTIUSER SCHEDULING
A. SINR expression and the mutual information for linearly pre-
coded SDM MIMO schemes
In this section, we derive the SINR expression and the Mu-
tual Information (MI) for the linearly precoded OFDMAMIMO
system. The system model is described in Section II. The re-
ceived signal at the kth MS, k ∈ ζι, for the nth subcarrier after
the linear MMSE equalizer is given by (1) for the MU-MIMO
scheme. The received SINR for the jth spatial sub-stream can
be obtained from Eq. (8) 1
γj = λ
′
jpj = λjρj , j ∈ {1, 2, · · · ,min(n
k
r ,mk)} (9)
where λj is the jth largest non-zero eigenvalue of the matrix
ΥkΥ
H
k , Υk = HkV˜
(0)
k ∈ C
nkr×mk and pj is the power al-
located to the jth established sub-stream of the kth MS and
ρj = pj/N0, whereN0 is the noise variance.
1Here we omit the subcarrier index n for simplicity.
Based on Gaussian signaling and Shannon’s capacity
theorem, the maximum achievable spectrum efficiency in
bits/second/Hz for the kth user can be expressed as
rk =
∑
j
log2(1 + γj), (10)
where γj is the received SINR for the jth substream of the kth
user, and it is given by (9).
For broadband wireless communication systems, e.g., 3GPP
LTE downlink, the total bandwidthW is usually divided into a
number ofM subcarriers. AmongM subcarriers,N subcarriers
(N < M ) are allocated for data transmission. κ contiguous
subcarriers form a scheduling RB. Let Isub,i and |Isub,i| be the
index set of subcarriers assigned to user i and the length of the
set Isub,i, respectively. Denote by P
i
t the total transmitted power
of user i. Assuming that the power is equally allocated over
Isub,i, then pn,i = P
i
t /|Isub,i|. The maximum achievable rate
in bits per second for the kth user can then be written as
Ck =
∑
j
W |Isub,k|
M
log2 (1 + γj) . (11)
So far, we have discussed the maximum achievable rate by
assuming Gaussian signaling for the channel input. In real LTE
systems, discrete time finite size signal constellations, e.g.,M -
QAM, are employed. The maximum achievable rate approach
based on Gaussian signaling, e.g., (10) and (11), are therefore
likely to be too optimistic for estimating the achievable rate in
real systems. In this work, we consider the mutual information
between the discrete channel input u and the channel output v.
For a MIMO channel Λ with nT transmit antennas and nR re-
ceive antennas, we have v = Λu + υ, where υ ∈ CnR×1 is
the white Gaussian noise, with E[υυH ] = InRσ
2
υ . The mutual
information can be calculated by
Ψ(u;v) = H(v)−H(v|u), (12)
where H(·) = −E[log2(p(·))] is the entropy function, and p(·)
represents the Probability Density Function (PDF). The mutual
informationΨ(u;v) can be derived according to [9] as
− E
{
log2
(
1
2McnT
1
(2piσ2υ)
nR
∑
u∈S
exp
[
−
||v −Λu||2
2σ2υ
])}
− nR log2(2pieσ
2
υ), (13)
where S denotes the set of all possible transmitted symbol vec-
tor, Mc is the number of bits per symbol. In general, Eq. (13)
cannot be expressed in a closed form. Nevertheless, it can be
evaluated by using Monte-Carlo simulations.
B. Mutual Information based Spatial Frequency Multiuser
Scheduling
For localized OFDMA downlink multiuser MIMO transmis-
sion2, each OFDMA downlink transmission sub-frame can be
partitioned into several RBs to facilitate multiple user packet
scheduling [1]. Let IRB,i be the index set of RBs assigned to
2In the localized OFDMA transmission scheme, each user’s data is transmitted
by consecutive subcarriers, while for the distributed transmission scheme, the
user’s data is transmitted by distributed subcarriers [1].
user i within one sub-frame and |IRB,i| be the length, the num-
ber of total RBs in one sub-frame is |IRB |. Then |IRB,i|κ =
|Isub,i|. Multiple contiguous RBs can be assigned to one user
within one sub-frame.
Denote by φj the jth set of K users which are selected
from the total KT users in the system and let Φ be the whole
set of K users chosen from total KT users, φj ∈ Φ, ∀j ∈
{1, 2, · · · , |Φ|}, where |Φ| is the size ofΦ, and |Φ| =
(
KT
K
)
.
Let us define Uj(φ) as the utility function for the jth RB.
As will be shown later, Uj(φ) is a function of the MIs of the
scheduled users. The objective is to maximize the utility func-
tion by selecting the users group with appropriate channel con-
dition and optimizing the power allocated for each user within
one subframe. The optimization problem can be described as
max
∀φ∈Φ;φ:IRB,i,P
i
t ,∀i∈φ
Uj(φ),
s.t.1 : 1.Ik+1sub,i − I
k
sub,i = 1,
∀k ∈ {1, 2, · · · , |Isub,i| − 1},
s.t.2 :
∑
n
pn,i ≤ P
i
t , (14)
where the last inequality in (14) specifies the power constraint
for user i, Iksub,i is the kth element in the set Isub,i. The subcon-
straint corresponds to the localized downlinkOFDMA transmis-
sion, i.e., the user data is transmitted by a group of consective
subcarriers. The above optimization problem is to maximize
the utility function for each RB subject to the user’s power con-
straint.
We can define U(φ) =
∑
i∈φ Ψi, where Ψi is the MI for
user i, which is defined by Eq. 13. Maximization of this utility
function is equivalent to optimization of the maximum achiev-
able rate for systems with a finite alphabet constrained signal
constellation. This may result in an unfair situation, i.e., only
the users with good channel conditions get resources.
To tackle this problem, we consider a resource fair allocation
algorithm for each RB based utility function maximization. The
main idea of the fair resource allocation algorithm is to limit the
users with more RBs used in a past period Twin, and give pri-
ority to those users with less transmissions in the period Twin.
The algorithm works as follow: Let αk,i be the moving average
of used RBs by the ith user in the past Twin at interval k and
αk,i = (1 −
1
Twin
)α(k−1),i +
1
Twin
δ, where δ = 1 if the user
i gets scheduled, otherwise δ = 0. We define the utility func-
tion at the kth interval as Uk(φ) =
∑
i∈φ f(α
k
i ,Ψi, c), where
f(αki ,Ψi, c) is a function of α
k
i , c and Ψi, and is defined as
Ψi/α
k,c
i , where c is a constant. The per RB based scheduling
problem then becomes
φ∗ = arg max
∀φ∈Φ
∑
i∈φ
f(αki ,Ψi, c). (15)
Note that the above expression is in fact a generalized Propor-
tional Fair (GPF) scheduling algorithm. When c = 1, it is a tra-
ditional Proportional Fair (PF) scheduling algorithm. While in
the case of c = 0, it becomes the maximum throughput schedul-
ing algorithm. A value of c between 0 and 1 represents the trade-
off between the maximum throughput scheduling and traditional
PF scheduling algorithm.
IV. ANALYTICAL AND NUMERICAL RESULTS
In this section, we present some analytical and numerical re-
sults. Here we only consider the case with 2 antennas at the
transmitter and 2 receiver antennas at the MS for the SU-MIMO
case and single antenna at the MS for the MU-MIMO case. For
MU-MIMO, two MSs are grouped together to form a virtual
MIMO between MSs and BS. The 3GPP 6-tap Typical Urban
(TU6) [1] frequency selective Rayleigh fading channel model
with six paths is employed in this work. The TU6 channel has
been designed to simulate high delay spread in urban environ-
ments. At each Monte-Carlo run, 500 sub-frames are used for
data transmission and the power of each user is randomly gener-
ated to simulate the fact that users maybe in different locations.
A. Perfect Channel Side Information
Fig. 1 shows the simulation results for the maximum achiev-
able rate in bits/second/Hz versus the number of available users
for the downlink MIMO systems with the maximum sum ca-
pacity and the maximum sum MI based spatial scheduling al-
gorithm. The transmitted symbols are selected from the QPSK
signal constellation and the transmitted SNR is 10 dB. Random
user Pairing Scheduling (RPS) algorithm described in [10] is
also investigated for a baseline comparison. For random pair-
ing scheduling, the first user is selected in a round robin fash-
ion, while the second user is randomly selected from the rest of
the users in the system. It can be seen that as the number of
users increases, the multiuser diversity gain can be achieved for
all the investigated systems except the one with the RPS algo-
rithm. The reason is that those non-random pairing schedulers
have more freedom to choose the MSs with good channel con-
dition and multiuser diversity can thus be exploited. It can also
be seen that with the maximum sum capacity based schedul-
ing, the maximum achievable rate is higher than the one with
the MI based scheduling algorithm. Since MI is obtained under
the signal constellation constraint, the performance of MI based
scheduling algorithm is much closer to a real system. On the
other hand, maximum sum capacity based scheduling algorithm
assumes that the input source is Gaussian distributed, which is
unrealistic in a practical system. We can conclude that the com-
monly used sum capacity scheduling algorithm is too optimistic
for practical applications, this is especially true for channels
with high SNRs. Both scheduling algorithms rely on the com-
putation of the received SINR. For the MI based scheduling,
the received SINR is used to map the pre-calculated MI table;
while for the capacity based scheduling, it is used to compute
the Shannon capacity based on Shannon capacity formula. The
complexity of the MI based scheduling is roughly the same as
the sum capacity based scheduling. From the figure, we can also
see that the resource fair scheduling algorithm performs slightly
better than the traditional PF scheduling algorithm.
B. Limited feedback Channel
The sum rate performance for capacity andMI based schedul-
ing algorithms with the limited feedback channel is shown in
Figs. 2 and 3, respectively. In both cases, the transmitted SNR
is equal to 10 dB. In these two figures, we also show results
for the linearly precoded MU-MIMO systems with the precod-
ing matrices obtained by using the full channel side informa-
tion. Different from the previous multiuser MIMO scheduling
investigation with the full channel state information, where the
interference from other users can be removed by properly de-
signing the precoding matrix, we do not intend to remove mul-
tiuser interference, instead, we schedule multiple users and form
a virtual MIMO between the BS and the scheduled users. In the
full channel side information case, we assume that the BS has
full CSI for all the scheduled users, and the precoding matrix is
designed based on such a virtual MIMO CSI.
Our preliminary studies showed that the BER performance for
a 6-bit feedback channel is only slightly better than a 3-bit feed-
back channel, therefore, in our simulation, we only consider the
3-bit feedback channel. It can be seen from Figs. 2 and 3 that the
sum rate performance for linearly precodedMIMO systems with
the precodingmatrix designed based on full CSI is always better
than the one for limited feedback channel. However, assuming
full channel information at transmitter is unrealistic in practice.
The figures also show that the loss in sum rate performance due
to limited channel feedback is only within 0.1 bits/s/Hz for the
capacity and MI based scheduling algorithms.
V. CONCLUSIONS
In this paper, we analyzed multiuser downlink spatial
scheduling algorithms for linearly precoded SDM MIMO
schemes. A MI based spatial frequency domain scheduling al-
gorithm is investigated and compared with the Shannon capac-
ity based sum rate scheduling algorithm. The comparison has
been made under the condition that the two systems have the
same transmission rate or spectral efficiency. In general, with
MI based scheduling algorithms, the sum rate of the paired users
is much closer to that of the practical system than capacity based
scheduling algorithms. The latter usually gives too optimistic
sum rates, by which the scheduler always selects the users with
the highest SNRs. Whereas with MI based scheduling, when
the received SNRs are larger than a certain value, the sum rate
of the users is limited by the signal constellation. No matter how
high the SNRs of the users are, the sum rate of these users con-
verges to a constant value. In such a case, the scheduler just ran-
domly pairs the users for transmission, thus, it can provide fair-
ness compared with the capacity based scheduling algorithms.
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Fig. 3. Sum rate performance comparison for Mutual Information based
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